Abstract: Diindeno-fused bischrysene,anew diindeno-based polycyclic hydrocarbon (PH), was synthesized and characterized. It was elucidated in detailed experimental and theoretical studies that this cyclopenta-fused PH possesses an open-shell singlet biradical structure in the ground state and exhibits high stability under ambient conditions (t 1/2 = 39 days). The crystal structure unambiguously shows an ovel saddle-shaped pconjugated carbon skeleton due to the steric hindrance of the central cove-edged bischrysene unit. UV/Vis spectral measurements revealed that the title molecule has avery narrowoptical energy gap of 0.92 eV,w hichi sc onsistent with the electrochemical analysis and further supported by density functional theory (DFT) calculations.
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Open-shell polycyclic hydrocarbons (PHs) have attracted ag reat deal of interest because of their unique nonlinear optical, electronic,and magnetic properties,which make them promising candidates for organic electronic and spintronic devices. [1] Several types of open-shell PHs have been constructed by using bisphenalenyl, [2] zethrene, [3] and anthene [4] building blocks.F urthermore,m uch effort has been devoted to the synthesis of stable diindeno-based PHs by fusing two indene units into a p-conjugated bridge, [5] owing to their narrow energy gaps,the singlet fission phenomenon, and their potential proaromatic features.
[1b,c] However,u ntil now,t he spacer units have mainly been based on planar and relatively small p-conjugated building blocks (Figure 1a) . [6] [7] [8] [9] Moreover, most of these planar structures show closed-shell characteristics in the ground state.Previous studies have revealed that not only aromaticity,b ut also geometry played an important role in determining the electronic structures of PHs. [10] Therefore,t he development of diindeno-fused PHs bridged with novel p-expanded skeletons is highly attractive.
Herein, we report anovel saddle-shaped cyclopenta-fused PH, namely,t he diindeno-fused bischrysene DFB 1 (Figure 1b) , in which the curved bischrysene [11] core has been extended with two indene units.T he design strategy considered the following two aspects:a )The incorporated bischrysene scaffold possesses ac urved conformation due to the steric hindrance of hydrogen atoms in the cove region, and adopts a p-bond-localized resonance structure in the solid state, [11, 13] which is different from that in fully benzenoid polycyclic aromatic hydrocarbons (PAHs); [12] b) extending the p-conjugated bridge with the fused bischrysene leads to al ow energy gap in the system.
[5a, 11, 13, 14] Thus,t he resulting saddle-shaped DFB 1 exhibited an open-shell singlet biradical structure in the ground state with anarrow optical energy gap of 0.92 eV.M oreover, DFB 1 displayed excellent stability when exposed to air and sunlight, with ahalf-life (t 1/2 )aslong as 39 days. [15] To the best of our knowledge, DFB 1 is the first example of stable open-shell PH with as addle-shaped pconjugated geometry. lene (DFB 1)w as synthesized in five steps from 11,11'-dibromo-8,8'-di-tert-butyl-5,5'-bichrysene (2;S cheme 1). Compound 2 was prepared according to our previously reported procedure. [11] First, 9,18-dibromo-3,12-di-tert- (3) (6)i n8 4% yield over two steps.F inally,t he oxidation of precursor 6 by treatment with DDQ in dry toluene at 80 8 8Cu nder argon afforded DFB 1 as ad ark-brown solid in 77 %y ield after purification by column chromatography on silica gel without argon protection. Compound DFB 1 was characterized by high-resolution MALDI-TOF MS (see Figure S1 in the Supporting Information). There was only one dominant peak in the mass spectrum of DFB 1,t hus revealing its defined molecular composition;t he isotopic distribution pattern of the mass peak was in good agreement with that calculated.
Va riable-temperature (VT) 1 HNMR spectra of DFB 1 in CD 2 Cl 2 are shown in Figure 2a .Awell-resolved 1 HNMR spectrum was obtained at 223 K. TheN MR peaks could be assigned to the structure of DFB 1 with the help of 2D NMR spectroscopy (see Figures S2-S4 ). As the temperature was increased to room temperature,t he peaks became broader and weaker.T his behavior is typical for the singlet biradical PHs,a nd can be explained by the presence of thermally excited triplet species as ar esult of the small singlet-triplet energy gap.
[5a, 16] According to the Clar aromatic sextet rule, [3a] the biradical contribution to the ground state of DFB 1 is aresult of additional aromatic stabilization energy due to one more aromatic sextet in the open-shell form 1-1 as compared to the closed-shell form 1 ( Figure 2b ). As ingle crystal of DFB 1 suitable for X-ray crystallographic analysis was grown by slow evaporation from as olution in methanol/dichloromethane.A sc ompared to reported open-shell PHs,which mostly have planar structures, the distinct feature of DFB 1 is its saddle-shaped p-conjugated carbon skeleton (Figure 3) , which results from the steric hindrance of the central cove-edged bischrysene bridge and two fjord regions (Figure 1b) . Thet wo bulky mesityl groups are nearly perpendicular to the p-backbone (average dihedral angle:83.428 8). Because of its twisted carbon skeleton, DFB 1 is chiral and forms ar acemic crystal. The P enantiomer of DFB 1 has its fjord regions distorted with torsion angles of 16.4 and 18.88 8 (Figure 3a) . Thel ower part of the saddleshaped conjugated backbone of DFB 1 is 10.2 wide and 1.9 deep (Figure 3b) , and the upper part is 17.9 wide and 2.5 deep (Figure 3c ). DFB 1 packs along the c axis of the unit cell to form stacked columns with an alternating arrangement, as shown in Figure 3d .T he X-ray diffraction data also revealed the detailed bond parameters of DFB 1 (Figure 3e) . TheCÀCbonds in the cove and fjord regions (red in Figure 3e )a re significantly longer (1.45-1.48 ), most likely owing to the repulsive forces of congested hydrogen atoms.T he distribution of the bond lengths in DFB 1 is consistent with the resonance structure displayed in Figure 3f. T hus,c ompound DFB 1 adopts a p-bond-localized resonance structure in the solid state,i nc ontrast to that prevailing in fully benzenoid PA Hs.A sc ompared to the reported planar and unstable open-shell PHs, [3b,4b] our results suggest that the nonplanar geometry plays ac rucial role in determining the electronic structure and the stability of DFB 1 (see below).
Electron paramagnetic resonance (EPR) measurements of DFB 1 in toluene were performed at room temperature.As shown in Figure 4a , DFB 1 exhibited an unresolved EPR signal. Moreover,a ccording to aV TE PR experiment from 220 to 320 Kinthe solid state (see Figure S7) , the EPR signal intensity of DFB 1 increased with temperature,inagreement with the VT 1 HNMR measurements,o wing to the lower population of triplet species at lower temperature.T he Bleaney-Bowers fit of the intensity change in the EPR signal with temperature variation in the solid state gave as inglet-triplet energy gap (DE S-T )o fÀ1.84 kcal mol À1 (Figure 4b) . Thes uperconducting quantum interfering device (SQUID) measurement disclosed the temperature-dependent magnetic susceptibility behavior of DFB 1.T hus,m agnetic susceptibility increases with temperature,which further confirms asinglet ground state for DFB 1 (see Figures S8 and  S9) .
Compound DFB 1 has excellent solubility in common organic solvents owing to the substitution with tert-butyl and mesityl groups,a sw ell as the saddle-shaped conformation. TheU V/Vis absorption spectra of precursor 6 and DFB 1 in dichloromethane are compared in Figure 4c .C ompound 6 displays awell-resolved absorption maximum at 523 nm along with asmall shoulder band peaking at 487 nm. In contrast, the absorption spectrum of DFB 1 displays ab road band in the near-infrared region with am aximum at 993 nm, which is significantly redshifted as compared to that of precursor 6. This large absorption shift of DFB 1 indicates the presence of al ow-lying excited singlet state dominated by the doubly excited configuration. [17] Consequently,alow optical energy gap of 0.92 eV was determined for DFB 1 from the onset of its UV/Vis absorption. Furthermore,time-dependent UV/Vis measurements were performed under ambient conditions to examine the stability of DFB 1 (Figure 4c) . By plotting the absorption intensity at 993 nm with ambient light irradiation time,the half-life (t 1/2 )ofDFB 1 was estimated to be as long as 39 days (see Figures S10 and S11) , thus indicating its excellent stability toward air and sunlight.
Thee lectrochemical behavior of DFB 1 was investigated by cyclic voltammetry (CV; Figure 4d ). DFB 1 displays two reversible oxidations at E ox,1 =+0.54 Va nd E ox,2 =+1.09 V (versus Ag/AgCl). Tw or eduction waves (the first reduction reversible and the second quasi-reversible) were observed at E red,1 = À0.48 Va nd E red,2 = À0.63 V( versus Ag/AgCl). The HOMO and LUMO energy levels of DFB 1 were estimated from the onsets of the first reversible oxidation and reduction peaks to be À5.27 and À4.38 eV,r espectively.T hus,t he derived energy gap of DFB 1 is 0.89 eV,w hich is consistent with the optical energy gap.T he smaller HOMO-LUMO energy gap of DFB 1 suggests that the electron can be readily promoted from the HOMO to the LUMO, [4a] which is consistent with its biradical character (y = 0.69;s ee below).
To shed additional light on the electronic structure of DFB 1,weconducted DFT calculations at the CASSCF(4,4)/ 6-311G** level of theory by using the Gaussian 09 program package.O nt he basis of the theoretical calculation, the biradical character y (0 < y < 1, represents the biradical nature between the closed-shell and pure biradical state [3c] ) for DFB 1 was estimated as 0.69 by using the occupation numbers of orbitals in the active space.T his value even exceeds that of ar ecently reported stable anthracene-based biradicaloid (y = 0.62).
[7b] As shown in Figure 5a ,t he calculated singly occupied molecular orbitals (SOMOs) of a and b spins are disjointed from each other. Thes pin-density distribution of DFB 1 shows that the C53 and C55 carbon atoms have the largest amplitudes;i nc ontrast, the adjacent carbon atoms manifest much smaller amplitudes (Figure 5b ). These results suggest that DFB 1 should be described as aresonance form between the KekulØ and biradical structure (Figure 2b) . Furthermore,itwas found that the energy of the singlet biradical state is lower than that of the triplet biradical and closed-shell state.F rom the calculation (at the UCAM-B3LYP/6-311G** level), the singlet-triplet energy gap (DE S-T )i sÀ3.82 kcal mol À1 ,t hus indicating that DFB 1 possesses asinglet open-shell ground state,which is consistent with the above experimental results.
In summary,w eh ave synthesized ah ighly stable saddleshaped open-shell PH, in which the conjugation of the central curved bischrysene is extended by two indene units.Remarkably,t he obtained diindeno-fused bischrysene has al ow optical energy gap (0.92 eV) and ah alf-life of 39 days under ambient conditions.A ccording to the single-crystal structure of DFB 1,t he crowded cove and fjord regions lead to its nonplanar geometry,w hich affects its electron distribution owing to its p-bond-localized resonance structure.Therefore, the synthetic concept of the incorporation of nonplanar polycyclic aromatic building blocks may pave the way toward the development of other curved, stable open-shell PHs by further extending the p-conjugated carbon skeleton with nonhexagonal rings.
